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Objective: Avid competition bicycling may be associated with the development of external iliac artery stenosis. European
studies have documented endofibrosis that primarily has affected young men. Our objective was to review the
histopathologic features of obstructed external iliac arteries resected from avid competition bicyclists at a single
institution.
Method: Medical records and microscopic slides were reviewed from all competitive bicyclists who had undergone
resection and graft placement for segmental external iliac artery disease at Mayo Clinic (Rochester, Minn) between 1991
and 2001.
Results: Of seven patients (five female, two male) seen with external iliac obstructive disease, four underwent resection and
graft placement and thus had specimens available for histopathologic review. Ages of these four patients, all of whom were
women, ranged from 31-40 years (mean, 36 years). Claudication was the primary symptom in all four women. There were
five iliac arteries involved in the four women, and pre-operative arteriography showed stenotic disease in these arteries,
ranging from subtle stenosis to occlusion. Gross examination of the five resected arteries showed wall thickening and
luminal narrowing, without aneurysm formation. Microscopically, luminal thrombus was observed in two arteries (one
old and one recent). Intimal thickening affected four specimens (symmetric in three and asymmetric in one). Thickening
was the result of smooth muscle hyperplasia, with only mild collagen or elastin deposition. Medial hypertrophy was
present in three specimens (symmetric in two and asymmetric in one), one of which also contained focal calcification.
Adventitial thickening was prominent in four (symmetric in two and asymmetric in two) and was due to smooth muscle
hyperplasia. There was no intimal, medial, or adventitial inflammation.
Conclusions: In contrast to previous reports, iliac arteriopathy among competition bicyclists may occur in women. The
microscopic lesions responsible for stenosis are more varied than the “endofibrosis” that has been previously documented.
In addition to the intimal fibrosis and luminal thrombosis noted by others, we describe medial and adventitial responses
to repetitive trauma. Accordingly, we favor the term “external iliac arteriopathy” for this disease entity. (J Vasc Surg
2002;36:565-70.)
Obstruction of the external iliac arteries may occur in
avid or competition bicyclists. Arterial injury is thought to
be the result of hemodynamic injury secondary to the shear
stresses of very high blood flow coupled with the mechan-
ical stress to the artery from the cyclist’s body position.1,2
This process has been referred to as endofibrosis.3,4 In a
study of 23 patients from France, men accounted for 96% of
the cases, and microscopically, the obstruction was attrib-
uted to stenotic intimal thickening.4 With the aforemen-
tioned considerations in mind, we reviewed the clinical and
microscopic features of four avid bicyclists with external
iliac artery stenosis, all of whom were women.
METHODS
Study group. The investigation was approved by the
Institutional Review Board at the Mayo Clinic. By using
our pathology index and surgical index, all cases were
retrieved of avid competition bicyclists (or world-class cy-
clists) who had undergone surgical arterial resection at
Mayo Clinic Rochester for obstructed external iliac artery
disease between 1991 and 2001. Four patients (one of
whom had undergone two operative procedures) met these
criteria and formed the study group.
Clinical features. Medical histories were reviewed for
each patient, and the following information was recorded
for each: age at operation, gender, presence of risk factors
(diabetes mellitus; hyperlipidemia; history of atherosclero-
sis, aneurysms, or hypertension; history of vascular disease;
and family history of coronary artery disease), presenting
symptoms (claudication, cramping, acute leg numbness,
and fatigue), and age at onset of symptoms. In addition, an
effort was made to determine the extent of exercise re-
quired to cause symptoms.
From the Mayo Medical Schoola and the Divisions of Vascular Surgery,b
Cardiovascular Diseases,c and Anatomic Pathology,d Mayo Clinic.
Competition of interest: nil.
Presented at the Annual Meeting of the Society for Vascular Surgery/
American Association for Vascular Surgery, Baltimore, Md, June 10-13,
2001.
Reprint requests: Kenneth J. Cherry, MD, Department of Surgery, Mayo
Clinic, 200 First Street S.W., Rochester, MN 55905
(e-mail: cherry.kenneth@mayo.edu).
Submitted Aug 15, 2001; accepted Apr 25, 2002.
Copyright © 2002 by The Society for Vascular Surgery and The American
Association for Vascular Surgery.
0741-5214/2002/$35.00  0 24/1/126558
doi:10.1067/mva.2002.126558
565
Operative and pathologic features. For each of the
five cases (from four patients), the gross description of the
external iliac artery was recorded from the surgeon’s report
and the surgical pathology report. Data included the pres-
ence of a tense inguinal ligament, the presence of vascular
tortuosity, and the length of vessel resected.
All available wet tissue, microscopic slides, and paraffin
blocks from the study cases were obtained from the insti-
tutional tissue registry. For each case, microscopic slides
were stained with hematoxylin-eosin, Verhoeff-van Gieson
(for collagen and elastin), and an immunostain (DAKO,
Carpinteria, Calif; 1/150; Clone 1A4) for smooth muscle
actin (for smooth muscle cells and myofibroblasts).
For each artery, the lumen was evaluated for the pres-
ence of fresh thrombus (red cell or platelet-fibrin) or old
thrombus (organizing, organized, or organized and re-
canalized). Intimal features included thickening (focal or
circumferential); cellular hyperplasia; and presence of
smooth muscle actin, inflammation, or extracellular colla-
gen, elastin, or calcium. Medial and adventitial abnormali-
ties included hypertrophy (symmetric or asymmetric),
smooth muscle hyperplasia, inflammation, fibrosis, and
presence of elastin or calcium. Hypertrophy and hyperplasia
were further categorized semiquantitatively as mild, mod-
erate, or severe.
RESULTS
General features. All four patients were women.
Their ages at the onset of symptoms ranged from 24 to 37
years (mean, 29 years), and at the time of diagnosis and
surgery ranged from 31 to 40 years (mean, 36 years). The
four patients had undergone five segmental resections of
their external iliac arteries (three right and two left) with
prosthetic graft replacement.
One patient had previously elsewhere undergone
thrombolytic therapy and balloon dilation of her right
external iliac artery, and later had balloon dilation of the left
external iliac artery, without relief of claudication. She
presented with right external iliac artery occlusion. Another
patient had elsewhere undergone a right iliofemoral nerve
decompression procedure for apparent nerve entrapment,
also without relief of symptoms.
Clinical features. All four women were engaged in
competition bicycling. Two were considered world-class
cyclists; another patient cycled 350 to 400 miles per week;
and the last performed “prolonged” cycling 5 to 7 days a
week. All four eventually developed pain with exercise
while cycling. This varied for the group and for the individ-
ual, depending on how early in the race, whether they were
cycling in the pack of riders or sprinting, or whether the
course was uphill or flat. Two suffered severe cramps while
cycling, one of whom also developed fatigue. Symptoms
appeared with minimal exercise in one (right and left legs,
at different times, leading to two operative procedures) and
occurred only with maximum exercise in the other three
patients. One patient also had Raynaud’s phenomenon.
Clinically, bruits were detected in the iliac fossa in three
patients. We were not able to exercise two of the patients in
the vascular laboratory by standard techniques to the point
of symptomatology. Ankle brachial indices at rest of those
two patients (three extremities) were .9 and 1.06 in the one
patient and 1.00 in the other. In the two patients whom we
were able to exercise to the point of symptomatology, one
dropped her ankle brachial index from .71 to .31; the other
dropped her ankle brachial index from 1.23 to .38. Aortog-
raphy was performed preoperatively in all patients and
showed varying degrees of stenosis in four arteries and
occlusion in one. Stenoses ranged from very subtle 40% to
50% stenoses to approximately 85%.
Two patients had a family history of coronary artery
disease. All other risk factors for vascular disease were
negative, including a history of diabetes mellitus, hyperlip-
idemia, hypertension, coronary artery disease (in the pa-
tient), aneurysms, fibromuscular dysplasia, other structural
vascular disease, inflammatory disorders (giant cell arteritis,
polyarteritis nodosa, rheumatoid arthritis, Wegener granu-
lomatosis, or systemic lupus erythematosus), or groin
trauma (other than caused by cycling).
Histopathologic features. On gross examination, no
arteries were involved by aneurysmal dilation. Rather, they
showed luminal narrowing by apparent wall thickening (Fig
1).
Organizing occlusive luminal thrombus was present in
one specimen, and a fresh nonocclusive platelet–fibrin
thrombus was identified in another (table, Fig 2). The
other three surgical specimens showed no luminal throm-
bus.
Intimal thickening was observed in four of the five
specimens, and was symmetric in three and asymmetric in
one (Fig 3, A). Thickening was the result of smooth muscle
hyperplasia in each, as documented by positive actin stain-
ing (Fig 3, B). Two cases showed increased intimal elastin,
and one was involved by increased intimal collagen depo-
sition. There was no intimal inflammation or calcification.
Three specimens exhibited medial hypertrophy, and
wall thickening was symmetric in two (Fig 4) and asymmet-
ric in one. One specimen showed focal fibrosis, and another
had focal intramedial calcification (Fig 4). None was in-
volved by inflammation.
Adventitial thickening was prominent in four and was
symmetric in two and asymmetric in two (Fig 5, A). In each
of the four specimens, thickening was the result of smooth
muscle hyperplasia, as verified by positive staining for
smooth muscle actin. Unlike the media with its circular
pattern of smooth muscle cells, those cells in the adventitia
formed multiple distinct longitudinal bundles separated by
collagen (Fig 5, B). In no specimen was adventitial inflam-
mation or calcification identified.
DISCUSSION
General features. Obstruction of the external iliac
arteries in competition bicyclists was first described in two
Swiss men by Walder et al in 19841 and by Mosimann et al
in 1995.2 From France and Switzerland, Chevalier et al in
19863 and Rousselet et al in 19904 published their obser-
vations in 30 competition cyclists who had developed sim-
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ilar obstructive lesions. In addition, seven other cases have
been reported in bicyclists from Belgium, The Netherlands,
France and Switzerland5-7 and from New Zealand.8 For the
39 reported cases, ages ranged from 18 to 47 years (mean,
27 years). Among the 38 patients in whom gender was
reported, 37 (97%) were men.
In contrast to the reported cases from Europe and New
Zealand, the four patients in the current series from North
America were older and were female. Their ages ranged
from 31 to 40 years (mean, 36 years). Three were from the
United States and one was from Canada.
Clinical features. All 39 reported patients were avid
cyclists. In the 33 for whom data were provided, cycling
averaged 8000 to 33,000 km/year.2-4,5-8 Their ages at the
onsets of cycling, symptoms, and diagnosis of iliac artery
disease were 12 to 30 years (mean, 17 years), 16 to 42 years
(mean, 25 years), and 18 to 47 years (mean, 27 years),
respectively. The four current patients were somewhat
older and ranged from 24 to 37 years of age (mean, 29
years) at the onset of symptoms and 34 to 40 years of age
(mean, 36 years) at the time of diagnosis and surgery.
Claudication was the major initial symptom in 35
(90%) of the 39 reported patients. Other clinical features
included swelling (21%), cramping (23%), palsy (14%), and
numbness (7%); none reported fatigue. Our four patients
had claudication (100%), cramping (50%), and fatigue
(25%).
Angiography revealed abnormalities in 39 (100%)
of the previously reported patients and ranged from
mild vessel-wall changes to occlusion. Ankle systolic pres-
sure difference before and after exercise was measured in
30 of the 39 reported cases, with an average change of
51 mm Hg (range, 14-110 mm Hg). Other clinical signs
and tests included bruits in the iliac fossa (44%), Doppler
scanning at rest (25 patients examined, no positive find-
ings), computed tomographic scan (three patients scanned,
Table I. Pathologic features of five external iliac arteries from four female avid bicyclists
Pathologic feature
(by arterial region)
Patient 1
(1991)
Patient 2
Patient 3
(1998)
Patient 4
(1999) Total(1994) (1995)
Lumen
Fresh thrombus 0 0  0 0 1/5
Old thrombus  0 0 0 0 1/5
Intima
Hyperplasia    0  4/5
Elastin  0  0 0 2/5
Collagen 0 0  0 0 1/5
Media
Hypertrophy 0  0   3/5
Fibrosis 0 0  0 0 1/5
Calcification 0  0 0 0 1/5
Adventitia
Hyperplasia 0     4/5
Fibrosis 0   0  3/5
Fig 1. Photograph of resected external iliac artery, cut in cross-sections, showing luminal stenosis.
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one with positive findings), ultrasound scanning (eight
patients examined, three with positive findings), and ankle
brachial index (five patients measured, all with significant
changes).
In the current series, arteriography showed abnormal-
ities in all five cases (100%) with varying degrees of stenosis.
There was one occlusion. Bruits were detected in three
patients (60%).
We found routine vascular laboratory testing of these
patients inadequate for diagnosis. Evaluation of arterial
Fig 2. Photomicrograph of luminal thrombus without medial or
adventitial thickening (hematoxylin-eosin, 25).
Fig 3. A, Photomicrograph of intimal lesion with shallow eccen-
tric hyperplasia due to small muscle proliferation (Verhoeff-van
Gieson, 20). B, Photomicrograph of intimal lesion revealing
smooth muscle proliferation (actin-positive cells) within a promi-
nent extracellular matrix (smooth muscle actin, 750).
Fig 4. Photomicrograph of concentric medial hypertrophy with
focal medial calcification (Verhoeff-van Gieson, 20).
Fig 5. A, Photomicrograph of adventitial lesions with eccentric
medial and adventitial thickening and prominent adventitial hyper-
plasia. B, Photomicrograph of adventitial lesion showing extensive
smooth muscle proliferation (actin-positive cells) separated by
collagen (Verhoeff-van Gieson, 25).
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insufficiency in athletes is difficult and controversial.9 The
exercise levels at which claudication is reproduced in elderly
patients with atherosclerotic vascular disease does not affect
these young, fit athletes. Late in our experience, we began
to use exercise bicycles set at the highest resistance levels to
reproduce the patients’ symptoms. Before employing this
technique routinely, we were unable to document de-
creases in ankle brachial indices.
Similarly, in patients with very early disease, arteriogra-
phy in the standard supine position may demonstrate only
very subtle disease in the affected proximal external iliac
artery. Positioning the patient in a hyperflexed, or “racing,”
position accentuates the stenosis, presumably by mimicking
in part the mechanical stress to the artery during cycling
(Fig 6). The first patient so diagnosed underwent pros-
thetic patch angioplasty elsewhere.10
At operation, the patients were approached through
Cherney-type flank, muscle-splitting incisions retroperito-
neally. The femoral artery and inguinal ligament were ap-
proached through standard groin incisions. We attempted
to minimize the length of incisions in these patients as
much as was practicable. We found the shelving edge of
Poupart’s ligament to be very taut in these patients. It was
incised to the extent that the surgeon’s index finger could
be inserted easily between the ligament and the artery. The
external iliac artery was excised. The arteriotomy was ex-
tended proximally from the origin of the external iliac
artery onto the common iliac artery and the graft sutured to
this larger orifice. Polyester grafts were used because of
their crimping and, theoretically, ability to assume more
exaggerated curvature without kinking. Initially, we per-
formed end-to-side distal anastomoses to preserve flow
through the small branch vessels of the iliac-femoral junc-
tion. More recently, we have performed end-to-end anas-
tomoses to decrease the volume of material underlying the
ligament and to decrease turbulence at that anastomosis.
We purposefully cut these grafts slightly longer than usual
so as not to recreate the mechanism of injury and to reduce
the chance, at least theoretically, of pseudoaneurysm for-
mation. Three of the patients have done well. One has had
recurrence of her symptoms.
Histopathologic features. Histopathologic findings
were reported for all 39 cases from Europe and New
Zealand.3,4,5-8 Intimal endofibrosis was described in each
and was shown by immunostaining in one study to be
caused by smooth muscle proliferation.4 Luminal throm-
bus was detected in only one patient. Medial fibrosis was
rarely seen, and the adventitia was described as normal in
each case.
It is of interest that the external iliac artery has also been
the site of acute dissections in ultra-distance athletes, either
with or without coexistent intimal endofibrosis.11,12 Fur-
thermore, intimal endofibrosis has been reported in ath-
letes other than cyclists, including long-distance runners,
rugby players, and body-builders.13-15
Microscopic observations in the current investigation
differed appreciably from cases reported previously and
showed a striking range of abnormalities. In addition to
intimal fibroplasia (endofibrosis) in 80%, the iliac arteries
also exhibited thrombosis in 40%, medial hypertrophy in
60%, and adventitial hyperplasia in 80%. Immunostaining
for smooth muscle actin documented the presence of
smooth muscle hyperplasia in both the intima and the
adventitia. One of the four patients also had microfocal
medial calcification.
Pathogenesis. Injury to the external iliac artery in
competition cyclists is related to the interplay of several
factors. When bicycling, the cyclist’s thigh is hyperflexed.
Fig 6. A, Angiogram revealing subtle stenosis of proximal left external iliac artery with patient in supine position.
B, Angiogram with patient in hyperflexed, “racing,” position accentuating stenosis.
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This causes a prominent bending of the external iliac artery,
which induces mechanical stress on the wall, particularly
along the greater curvature of the artery.2,3 We believe that
fixation of the external iliac artery proximally by the com-
mon iliac artery bifurcation (and the branching of the
hypogastric artery) in conjunction with distal fixation of the
external iliac artery by the taut inguinal ligament prevents
sliding of the artery to-and-fro under the ligament during
exercise, and thereby hampers relief of wall stress. The
increased stroke volume of athletes’ hearts, with increased
cardiac output and arterial pressure, provides an additional
hemodynamic source of wall stress. Together, these factors
are thought to be the mechanisms of chronic repetitive
injury to the artery.
The aforementioned hypothesis has been supported by
the observation that in eccentric lesions, the damage is
often seen on the side of greater curvature.3,4 Chevalier and
colleagues3 have suggested that “pseudo-medialization” of
the intima, due to myofibroblast proliferation, is an arterial
response that serves to reinforce the muscular structure of
the wall. It is not surprising that arterial layers other than
the intima may also be damaged or undergo hypertrophy in
response to the hemodynamic alterations described previ-
ously. The smooth muscle hypertrophy and hyperplasia
seen in all three arterial layers in the current series are
interpreted as a mechanism to reinforce the arterial wall.
The European literature has described almost uni-
formly men with this problem. Whether our description of
women with this problem in North America reflects socio-
economic differences in cyclists is unknown.
CONCLUSION
To date, iliac arteriopathy among competition bicy-
clists has been reported almost exclusively in men and has
been attributed primarily to endofibrosis. In contrast to
these observations, the current study indicates that the
disorder can occur in women and that the microscopic
lesions responsible for stenosis include not only the intimal
fibrosis and luminal thrombosis noted by others but also
important medial and adventitial responses to repetitive
trauma. Consequently, we favor the term “external iliac
arteriopathy” rather than “endofibosis” for this disease
entity.
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